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(57)Abstract: 

PURPOSE: To obtain an integrated circuit applicable to negative 
voltage swing in which a output transistor can withstand an ESD impact 
by connecting the drain of a p-channel metal oxide silicon field effect 
transistor with a voltage lower than the ground potential of a substrate 
and connecting the source thereof with a voltage higher than the 
ground potential of the substrate. 

CONSTITUTION: A PMOS transistor 52 has a source 56 connected 
with a positive voltage +VSS, a gate 58 connected with an input voltage 
Vi and a drain 60 connected with the source 62 of a PMOS transistor 
54. In order to provide the transistor 54 with functions as an active 
resistor, the gate 64 is connected with a drain 66 which is connected 
with a negative voltage -VDD. According to the arrangement, the 
output transistor can withstand ESD impacts, and the integrated circuit 
is useable in the application to negative voltage swing. 
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+ ^;WS^K^bfJ V y 3 >«^^^ I- ^ ^ ® 
fi«T©«II«:S*l S n> *>ofuf B P 9^ 1- ^ ;UM^m 

[0001] 

hg^-C#S£3n2.«)I^'5 -f Vi^lliS (voltage swin 
g circuit ) J;'3'KfSWK«, ©mfiWS (ES 

D ) Sa^KJSTt ^ e^B=fe»i5^ii^^* 

[0002] 

S2 3 2 F^-^^tl OOia8SS*5^n3n-CV^.S. coll 

:&«E-Voo«:fig^sn, ^b-cy'-F2 0W. ot+ 

5V©H=SrX'^^Vi^-rSA:'3SEV, iC^^Sn^. 
lil:timiiVo ». PMOS F^Vi^:^^ 1 ZCFU-^^ 

i8©si£-e&2.. ttmctet^t, A:*3miiv. imn 
tt©fi«S-CS>Si#«:. PMOS h7>t;;^^'«. 
(ON) -C^^o PMOS l-9>i>^^'»- 

*se. A^ISEV, *s+5Vt?*^.i#iC, PMOSh 
(OFF) •cS.'Q. -e©fem. W^J 
mi*. -V.oKiac^miES-CP^TTi.. Sf-'t. c© 
|Hl8g©ai:^«EV. tt. fc*Jj:-€- + V.s<!:-V..©r^* 
X-J-f Vi^-r^.. S2=&#M^Si- +V„<!:-V„© 

ra©mi£x>^-* >i^©— pi**s^5*^'^'''-2>- 7K¥iiiiB. 
-F©h5>s^;^5'*^+^«c^^^'®'^> EHo-rsn 

fc|il88». (ESD) «ggiK*ti5^i <^^^ 

I,. \,D-^\.f£ii^h. feblS]i:0g§lO*5«Sli!!SCCf^M 
§n/ci5:6«. «/M.'fT';'F«I«t?^ll8g©S3^^ 
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>s/;^$±-cai;bESD«milS8*ig*3n6. tli:'3F 
5>i;;^ ^lHlK©J^gC©SSK«^Snfc F V 

:ft«)I*3*BE"i"* (clamps ctawn ) , tJe-or, Hi^JE S 
D«S©^5>7-&!jrj:!^Kj:«3. ftaiaSS=&ffli'^^«^ 

MOSft^E (single tub bulk CMOS technology ) -ClB 
WS- (CMOS) HK-CSi^'-S:'^ ^^^^®MO S F-7 

;^ ^ ©»fiS=l:^^ C i *5£.S-CS. S 3 
2>i pSS«3 2±ic{'¥?>*T.fcp5^ + *-'^^^®'"^ 
f3->U=>>'S^amFv>i^;^f (PMOS) 3 0©« 
fiS*J^Sn-C02,. pSSfc©PMOS F^>i^^^ 
». nM-^J^^V (well) Ste«*:^ (tub ) 3 4, F5 
$©y-;^ 3 6 R^' F U -f > 3 8 i L-C^SMT 

fc&on^-^i^vs 4rt©n-^©p+®^*''^^'*^^ 

^/'1<V (metal/poly) y-F4 0B, x^mfJ^ 
;V3 4©±:&«:iBS§tl-CC^-2.. U3&>b<C3&se>. -f-F 
40B, z:K{bi/<j3>©J:^&S4 25CJ:o-rnM0 

x;!/ 3 4 *> *!>^^ 3 •< ^ * • 
[0 0 0 4] W^ic. PMOS F-7>1>:^*3 0©* 
^ji«fi£«:*Jl,»-C, pS«3 2», M!^fiL-CS.5?-v7- 
±©Sfe:M©«ff«:Si^5*^. n>;>iJl'3 4B. 5^-:':?' 
J:©V-xm*:fcttS'i>iE©®E. Ip-^+5VK:g§igS 
Sn. ^U-CftaCC, y-F4 0«. 0VA^6+5V© 

X$3 0*iai:;^F^>-^^^'^*^^'*^^^- ESDWIg 

tiS. €£*©ffl:bE S DS^HSSB. F U-f >iSM© 
HK— )ietc^§n?cn + ^'f^-F*ffli;^'t:(/»S. F 
U-{>©S)E*»S1SO0. 7VJiiT-e$>^.<b^K:. n + 

SDSillHlB©i'^>^WJ:'Sm=fc*). FU-fvaS 
tt, i8sSfi-C**pS«3 2©SEJ:^3^^ffi''^^KK:ig 

(5Sf^mE : breakdown voltage ) icTfiCUfctlXi,^^ 

F W -f > 3 8 B. (i6Sfi-C* 
W&E&Cr) KfiggSSn^S. n'!7i;l'3 4*SiEm)I+ 
V, (cS^^^-CW^-ixb^ic, n■^'i;^©S)E^ FW-f 
>mEE©fa©M*W:^^l£OTii:«fcn-Ci,>5E'? [V 
„> ( + V. ) - (-V„.) ] . FU-^>3 8B. ftS 

[0 00 5] PMOS \-^>i^::^^<D\rU'{>^nmS. 
(S«mEJilT) Kgig^-C#SC<bB. R2 3 2 -f^a' 
50 7x-;^K:?tf ^.F^-f^-?. ^4ffll5?'J^-^F5'f^^^ 
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[0006] 

^^mwntmiy V =3 ( cmo s ) sKtcffi^ 

n/c^MK^ k®ie^ y (M O S F E T ) 

h ^ >^ 3? ^fUfflT -2) C t J: J3 P n MS«CC 

^mm-^ctx'^)^. ^mmt. -eo v(o<i:^&c^ 

< ;t>:^o+ 6 0 V CD J: ^ ^SJ < mjE;^ ^ ^ > ^ ^^^T -5 

(PMOS) h'^>t?:^i5?^/c5*n^'f ^-^L'MOSFE 
T (NMOS) ha'>i^;^:$?^*«JffiT'#^o M^C. 20 

/'^)\^^-ts:f'i:^^ V - h^M (bulky discrete eleme 

nts ) :&ffic^'2>ci<Dii:^tt^^*-r^c :^m^(Dmm 
m^nmnm ( e s d ) «giigscD^*cc«-:5< „ e s 

[0007] 

pMOSffii. 1g!K©p^i'4'oV^llK^tJa^>'; 
[0008] 50 



p^i':^;i/M#SIK^fc«l^'y=i>^^^^b^ 

y =3 h ^ > s>x ^® il>;^cC < <b — :>© v - ;^ 

iikm{4CDjfifilT*>^i#CC. PMOS b'7>^^i'». 
:^>iC:^l3. PMOS b-^^t^J^^T&S^f^OittC. ffi 

m3(fimi^<om&'c$3i>t^^c. PMosh^>>^x^ 

[0009] 

[^W] S/hU^T'i^hMJS-C^lelK© 

L'CtB:»b^>i>X^^ESDaS»K:it^S'<i'. 

:^^<D:^^f 31*. SSSv V — v'^ii^ (sourcinq) /v'V 
(sinkinq ) . j£gcD23^0 J: ^ ^jrSJ^-SSH 

f-ixh, CMOSlDlg§tCffl;^^iA^n^'E>PMOSfiRU^ 

0'T^^;^d^y-bJSSt rocDPMOS 
h^>5;^>^^5 2. 5 4^Cj:*3g^5n^o COIsIKtC 
PMOS h^>i^X^5 2<OV-X5 6t*. i£ 
®I+Vss(Cg^3n. PMOS h^>>^:^^5 2CD^' 
-h5 8». KtiUKVi CCS.^$n. or PMOS 
h-7>i^>^3?5 2CDKU-06 0«. PMOSh^>v? 
::^^5 4CDy-X6 2tCg^$n^o rSttStA (active 
resistor ) i: OTOtSt^^ h 7>^:^;^:$? 5 4 «:J^/c# 

Fu^>6 6t*. :tmEE-v,o^cig^$n^c p 

MOS V'y^i^:^^^ A(OY-VQA^^(DYU^lyQ 
6«:S^"r-5)CiK:J:-^r. PMOS h7>i^X^5 4 

{oo\ o^m^^^Mt^t. n-^offi^EPMos 

h5>i^;^3?€:ffJfflbTl>-E)04<D[sIK5 OOmSMm 
Sti-Cl^-So PMOS h^>t;^X^5 2C0— -:5(Z)p+fI 
i|J56. 6 0<h, PMOS b^>>^:^t$?5 4<Dn-oCDp 
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5 

:§f5 2(Dn*i7x;l/7 2 iPMOS h -^Vt^X 5 40n 
^/clih^>t;^:^3?5 2i5 4CDM:^:*^> \^0n^ 

^8 2 i 8 4^/rbT^ti^n»it.LT:^^jEco^»«: 

iS^^'Tj^^nri^'S. ^6:RC/^7CC7r:$n/ch-7 

0^#M^#SJ:^K:-r^fc2sbtc. z:o(DPMOS 20 
V--XMii. KU^>M^> ^'--^^ n 

[0 0 1 1 ] 06K:7j^§n/c«J3i^C*5C>'C. ^^-^I'F 
m^OH9 2. 9 4li. V-X««5 6. 6 2 CCB?S^ 

Flx-r>6 6<bn+M^8 4(DrHliCieg$ti. ^ -;V 
FK^biBJ<0)5lJO® 9 6 F U > 6 0 i n +M^8 2 
(Dr^^lB^^n-So P-^^::'-fe':'h«1^9 0^*. 3C 
-jb FKii:iB9CDii9 2. 9 4RC/9 ecDTiciea^n 

y-F5 8. 6 4«. -K{bt^yn><?)-o(DJi7 
6. 7 8CCi:-^rn't7x;V7 2. 7 4 ^e>-eti-en*tf& 

•r^/c2s?)CCV'->^««5 6. 6 2<D:^Mi»TSSJ:0 4>ffi 
l^:f^®TSS^W-ri>o F$Ii^9 0^3:. 

2(DKl«miI«:Ji:^-r'So 04, ia5RafH6©«fi«I 

^CC. PMOS h-^Vi^J^^^b 2 <i:5 4t*. 4 
^„ PMOS ^^>i>:^^^5 2^54*S3^>CO^*0C. 

V, ii)^+bVX^^tt(fC. PMOS h'7>t^x;^5 2 
[0 0 1 2 ] n'^j:;^? 2. 7 4:)J^5g^ife$tl^i&tC, 
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6 

Vc ovi-6 ov©P5^x'^;-f vi^-r^o ^8^ 

^^n-cc^^c 7k¥i4i^> mrs^mu. mmM\t. ms. 
^mt}^. Gowo^'^txm^mimB^'o^^x. me 

bornmt. ^<Dmi^mK(Dmmx^^B:^^ ^ 

13:. :&mE;^ ^ > ^'^^**r ^ /cC-t r < JE^E:^ 

:ba^-C. n»^xjV7 2. 7 43^>5. $ n/cS« 7 0 
L -C V - ;^mE+ V s 5 C^)^ ^ iE^fi^t^S^i^^ 

«£-:>xm:^mEVo +5 vi-ssvorai^;^ 

;^3?5 2. 54&i. ^'mKV'ylyi^:^^X^^^ 

n^^i. m^^^mE^w-r^citj. as-r-<tr^ 

L3J>^L/^:c*5e>. n'::?x;^7 2. 7 4». lKmE«:S^ 
^^ti^tc^^cm^^tiXK^t^^^. U^X. n^x;V7 
2. 7 4&^. 0*^e>+5VCOffifflrmE^lX«3^^C<i: 

Km^^-^nK:^^ -ily^t. 4-5 VCDJc^Ccigl^iEmE 

;i.7 2, 7 4«. J:D]Sl>mE^m'3a^-<<Kit$*^ 

[0 0 1 3] S7^#M*r-&i. S5mE^S^^<---^ 
CC)n^xJl/7 2. 7 4^^T'5^0(7:)l^mEPMOS h 

^iyi>7.^^nm\^xi.>i>m&b 0 (04#m) o^js 

n»:7x;V7 4© (y-X6 2tcSSSb^) -^-J^ 
VWL\\^^^2\t. n'?xjl/7 4*®^t:3!r*'^n'^7x;l/7 
2*tc{#S$n. n»^x;l^7 2CD (V-:^5 ecc^b 

7-^--;VFm'(b^^9 2^3:. nOx;P7 2%S^"t:ffl 
) S^n. -?-bX^W^C. n+Mi^8 4ip+MiS8 0 

cm^y ^ --jv F®{fcJ|S99 2(o^ijcDJi^^#^S"r^o n - 

m.^y^vYW^Ql\t. W^i 0<Dy ^-)\^Ym\\M 
©lg9 2CDT'C5&^^n»i7x;L'7 2. 7 4(Di1'fllJ«:i2S$ 
n^o n 2; vm^t-'mcm\<Dy ^ -)\^ F 

Mlt!t^^*> n ^ X 7 2 . 7 4 (DmEHXSt l>'5Jtgt4^*i 
s/C-r^o iS-^X. miom^X. n'?x;l/7 2. 74 

+6 0VCD<J:^^cCKl.^SE^cS3K§n^^c CCOpJ 
fl14(^. [D1S5 0 (S4#M) CDmE:^'^ -f ^ 

i^jEmEii5i^iocigi.^mmE^«"r^<^^oc$ii^o 
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6 0 Vr^07lPOfeL + Vs5*^+ 1 5 Vr^^^cet^. 
:^^«:*5i^r. ai;bm)EVo + i5V<b-45V(D 

ts. ^rya^au. Jtpogigffits. mjE^a^-To 

[0014] iSt^IEmJE ( n ^x;l/mJE> <i:igt.>:&miE 

0 V$/c»+3 OVK:3^Stie3^j:e>tf. FU-Y>«. 

- 1 ov^/d*-3 0 v^c^n-^^ti^fjc&UT^^^n^ 
uy-xms+VssJ^>5+5 vj£(±T'*^^j:e>t^. ttl 

+ 5V) ) 3{Pe>H-Vss<t-&lWSU-<^l'^A;^3^EV, 
^l:V:7 h-r-S^/ces^^W^^V^g^^ (level translator) 

1 0 07&5i^^-c$>'&c jgicas3n-5>-iir-c^ 
^« 01 l^#MT^i. TTLA:^mEV, co^E:?^ 

^g^ffioor^^^) BVT'^-So 01 z^^mr^ 

0 0». ->:7 hSn/cA:^mE^^+5 Vt+ 1 0 VCDffl 
>t^'r^ (0 1 2#M) Jc^cc-eoTTLU-^ 

A:^mE(D;^ffimEu-<;i'cb^igmEU'^ji't^. +5V 

[0 0 15101 3^#MT'2>i. :g<Dmff U-^-fl^^iS 

&^^^■r7 — y — "^Jl/lnlffi (paver normal circuit) 1 0 

Kl 1 2.>-iT>:7*l 1 4. RC>mBS^k<^)@W-C4-0 
CDh^>t?;^^ 1 1 6. 118. l2 01SLZ^l3 4fcV} 
T^^T^^txri^-E) 1 OjlCDPMO S h^>t^X^:^i6«J?£ 

1 1 e-'l 3 4W. ^n^CDl'iy-OltCmi^^tlfc 
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^tihoy-b^mr^. PMOS h'7>t^;^3? 1 1 6 

(DKU'-<>«. PMOS h-^^e^:^^ 1 1 8<DV-X{C 
g^^ti. -eUTPMOS h'^>l^X^ 1 1 8 CD Kb 

PMOS h'5>s^;^^ 1 2 o<Dy-;^ccg^^^n 
5o inj^Bi^, ^^ti-ct^j^xi^^rcDPMOS h^>i;?;^ 

^ti. SlHC^SS^n. ^oPMOS V^yiy:^^ 1 3 
4C[>KU>r>«, nmS,-Voo(^^^^^o PMOS 

h^>s?;^^ 1 1 6<Dv-;^«. >^-F(®) 14 0«: 

m^^ti. y-]'l4 0U. Slnl 1 2^/M^TiEmE 
+ 5VtcS^?n^c -^-K140«. 5^-<T>:7'l 1 
403|frtBA:t>^^Cc^g^$n€>o :t-<T>::^l 1 40 
jEtBA:ti^^«. sm^Ev,,, ^Sj^^n^o 

[0016] temc^at^r . HIK 1 1 0 •fe>1f <5: L 

T«t^-r^c :^mE-Voo*^-5V.fcOfe:gtc3^^^ff 
tc. :f-<T>:/l 14CC)ffi;bt3:. ff-^^jUDtHTc 
E-Voo*^-5 VcfcJ^ «>^i>ncl^:g^^>^i#«. +5V 

^<DL#liffimE«- 1 V-e&D*^oi 0ffl(7)h^>>^ 

K 1 4 0<i:-Vpo^:b/c»9ia-"^C< 1 0^;bh(D 

3!poy- K 1 4 0{*+ 5 V-C$>'E>c L^^L^CtS^^^. 
E-Voo*5-5V<J:0 fe:©K:^j:^<*:€r». b-^^^^^ 
:t->tc?^cCD-^L/Ty- F 1 4 OCD^Eta:. KTl/*§ 
fe'2>o m^E-VooiO^cfcOa&O^c^i. y-Y140<D 
«E«. <fc«3KT-r^o 014^#«B-r^i. 
Woo<om^tOXy- F 1 4 0CD^EOft^:*57]^$nT 

Fl 40©^E^^t>'ro «^S*a^^cfc^tC. y-F 

14 0(Z)mEtJ. :emE-V,o:^5-5 VJ:0 *>::i>^ci:V^m 

S(titr^:t^Tyy'i 1 4cDtB:^iiE<z)fts*^^$nT 

tJ, F 1 4 2<DmE-c^3n-S:^— tr>'7"©tH:^jm 
E^^t^To 0 1 4S:O'0 1 5 0]a5:;^^#Mr^i. a 

^$n^^J:^Cc. y-F 1 4 0CDFfT^E>&5V,tr ^ 
SiJSf-Sit^S, ^•^T>*7'(DtB:tl^EW. +5V50i6 

[0017] mMomff^^ tifcmMm^t. nmo s h ^ 

^^r^So 01 6«:#KS-r^i. iEROf:g^EX»^ ^ 

^y^wr-sc <b7:>^pjefe^j:NMo sipikodiiik0 1 5 0 

^^^^nn^^o NMOS F"7>^:^X:$? 1 5 4CDy- h 

15 2^3:. -^(DVU^l^l bBdcW^^ti. -?-LrFU 
-f>15 6ti, iEmE+V-BoK:g^i^$n'5>, NMOSh 
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^>s^;^a? 1 5 4cDy-;^ 1 5 NMOSh^^-:;^ 

X^16 2CDFb-<>16 0iCgM$n'5c h^yiy:^ 
^1 6 2<Dy-J:^l 6 41^. ife^EE- V.. CCgM^^. 

•eurNMos h^>2;?;^df 1 6 scd^- hie 
A;'^mffV^ k:^^?n^o ffl:^;mEEVo {3:. nmos 

i^mmr^t^ El 6<D[piBi 5 0©«^3&5^$nr 

JENMOS h-^^t^^X^r^^tirC^-Sc NMOSh^ 

1 5 40-oOn+^lSl 5 6. 1 58i. N 10 
MOS h'7>>^;^i5? 1 6 2CD~o<0n+MilSl 6 0. 1 

6 4«. 1 1 64iKU^>156. 16 
0€:^-r^< p'i7x;n 7 0. 1 7 2tc^n-en>:ti;e; 

z:^^b>>;n>co~ocDJll 7 4. 1 7 6CCj:-:>rn*^7 

[0018] nmrnm.! S 0«. n+^Itgl 8 2^/M. 

t?;^5?l 540p'i7XJH 70iNMOS h^>t^::<^ 

{3!;^6?'cC(.i3?j\ iJ/c^*W:&(Dh5>t>X:$f 1 54. 16 

7 0ip'>x;H 7 2tS. ^n^il^fJ^iiUr p +$1^1^ 1 

84. 1 8 6%/^uT:femrocjg^$n-2>c ^unmo 

S 1 5 4. 1 6 23&S|S^£E^aXDa5^< 

^$n€>^cC^&^. NMOS h^^i;^;:^^ 1 540FU 

-oisati. +eov<Dj:^rj:iEmmcmm^ti^c 

<t3&5^*. -eC/TfeU h5>i^;:^:$r 1 5 4. 1 6 2CDp 
OS h^>e;^J?^:$? 1 6 2C7)y-;^ 1 6 455. -6 0 VCD 30 

mmm i+Voo) tn^mm (n^x;i'mEE) ofnco 

^ly-iyiyc^U-^ (SOI) . t^y :7t 
T (SOS) . ife^Jl^BiCMOS (D I ) . j^^t^.^ 

^cMoste3s (BCD) mo^^jtmomfi^hmm 

[00 19] 

^ ^ i . Wk<D n ^ i- :^;l'M^SIK{t®e>' y :3 >^^5a 
:S:h-7>i:^;a;^i;g:fll;i^ p ^ 1- ^^i/^SS^b^gsi^ y 

^'y 3>^^ja)mh^>t;;;^t^cr)^etl^n«. y-X. 
omjEOCgj^$n. *»op^i.^^Jl/^^Jl^^t^t^y n 
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ss<D«mfi«±©mE(cs^$ ti^or . e s D«g 

mil "f-iy^^v- hmmxrf^tifcm^(DR s 2 3 

[02 ] iEisff i^^jEtDpaose^sjrjto^jE;^^:? > 

[0 3 ] p m^±ttci'i^hinfcUMms(o ^^)i^m 
mimtyv::i>^HiS)mh'yi^z^:^dr (PMos) om 

[04] — OOPMOS h^>t?;^^^&fiJ^L/Tl=»5:$: 

^moR s 2 3 2 K ^ ^^(Dmrnmrnm-c^ ^« 

[05] Iir:><DiSMKh'y>iy7.^^mmLX\r^^m4 
[06] Ilo(D]ifmEEF'7>5;'J?;3fJS:jpiJfflLri>^04 
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